Hyaluronidase release was used as an index of acrosomal membrane damage during cold shock of epididymal boar sperm and ejaculated sperm from intact and vesiculectomized boars. Sperm were also incubated with seminal plasma from intact and vasectomized boars to examine the contributions of male accessory gland secretions. Acrosomal membranes of epididymal sperm were more resistant to cold shock than those of ejaculated sperm. Only 36% of the hyaluronidase released by ejaculated sperm was released by the epididymal sperm in spite of similar hyaluronidase content of the sperm. Preincubation of epididymal sperm in seminal plasma from both intact and vasectomized boars increased resistance to cold shock by 60 to 80%. Initial dilution of epididymal sperm with seminal plasma, rather than Ringer-fructose buffer, was associated with low progressive motility and with retention of cytoplasmic droplets. In contrast, acrosomal membranes of ejaculated sperm from intact and vesiculectomized boars exhibited similar sensitivity to cold shock, releasing hyaluronidase capable of forming .20 and .19 /amol N-acetylglucosamine from hyaluronic acid/10 s sperm in 8 rain. Moreover, seminal plasma from vasectomized boars had no effect on acrosomal sensitivity to cold shock of ejaculated sperm from vesiculectomized boars.
I ntroduction
Cauda epididymal boar and bull sperm are much more resistant to damage from cold shock than ejaculated sperm (Lasley and Bogart, 1944a; Bialy and Smith, 1959) . The insensitivity of epididymal sperm to cold shock has also been shown in the ram, horse, hamster, guinea pig, rabbit and rat (Morita and Chang, 1970; Hammerstedt et al., 1979; Talbot 1979; Johnson et al., 1980) .
The seminal vesicles contribute 80 to 90% of the total protein in boar seminal plasma (Davies et al., 1975) . Moore et al. (1976) reported that sperm from boars without seminal vesicles (vesiculectomized boars) were more resistant to cold shock when susceptibility was assessed by the appearance of the cytoplasmic enzymes, lactate dehydrogenase and glutamic oxaloacetic transaminase, in the extracellular fluid. The factors responsible were associated with basic proteins in the seminal vesicle secretions. However, post-thaw fertility of semen did not differ between boars with and without seminal vesicles (Moore and Hibbitt, 1977) .
The following experiments examined the effect of seminal vesicle secretions on the sensitivity of porcine sperm acrosomal membrane integrity to cold shock. Hyaluronidase activity in the supernatant after removal of the sperm was used as an indication of plasma membrane and acrosomal damage as suggested by Foulkes and Watson (1975) .
Methods
Semen Collection and Processing. Four vesiculectomized boars (2 to 3 yr of age) were previously perpared by surgical removal of 1295 JOURNAL OF ANIMAL SCIENCE, Voi. 60, No. 5, 1985 seminal vesicles according to the procedure of Davies et al. (1975) . Citrate levels in seminal plasma from vesiculectomized boars were less than 2% of those in intact boars, indicating effective removal of seminal vesicle tissue. Two vasectomized boars (1.5 to 2.5 yr of age) were previously prepared by surgical removal of approximately 1 cm of vas deferens. Continued absence of sperm in the ejaculates indicated effective vasectomy. Ejaculated semen was collected from intact, vesiculectomized and vasectomized boars. Unless otherwise indicated, ejaculated sperm refers to sperm from intact boars.
The sperm-rich portion of the ejaculate was filtered through Miracloth 4 at collection and maintained at 35 to 37 C. The semen was returned to the laboratory within 10 min after collection. The standard washing procedure for semen was dilution with 2 v of Ca~-free Ringer fructose (Ringer; Mann, 1946) , followed by centrifugation at 600 x g for 15 min at ambient temperature and resuspension in Ringer.
Seminal plasma from vasectomized boars and the post-sperm fraction of semen from intact boars were centrifuged at 600 • g for 15 rain and twice at 10,000 x g for 15 min to remove particulate matter and(or) sperm.
Boar epididymal sperm were obtained from epididymides removed during castration of 15 anesthetized boars (9 to 15 mo of age). Fifteen milliliters of 4% sodium thiamylal s were introduced via the ear vein to induce anesthesia. Epididymides and testes were returned to the laboratory approximately 15 min after castration. Blood was washed from the exterior surface with warm .water and the testes were blotted dry. The epididymides were dissected partially free of the testes for ease of handling. A 26-gauge needle was introduced into the lumen of the vas deferens and secured with a hemostat. A tubule in the mid-cauda region was cut, with care being taken to avoid contamination with blood, and distal cauda epididymal sperm were obtained by retrograde flushing. Warm saline (37 C) was used for most experiments but warm (37 C) Ringer was used as the flushing medium in experiments examining initiation of progressive motility. Exudate from the cut tubule was collected in a warmed The procedure to cold-shock sperm was to place 20 mI of sperm suspension (5 • l0 s sperm/ml; 21 C) in a 25-ml glass Erlenmeyer flask. A 5-ml aliquot was removed as the 0-min sample and the flask was placed in ice. The temperature of the sperm suspension decreased 1.1 C/min until stabilizing at 1 C. Additional 5-ml aliquots were removed after 5, 15 and 30 min of cold shock. Aliquots were immediately centrifuged at 4 C and 10,000 • g for 15 rain. Supernatants were aspirated and stored at -17 C until assayed.
Sensitivity to Cold Shock of Epididymal and
Ejaculated .Sperm. Hyaluronidase release into the supernatant during cold shock was compared in epididymal and ejaculated sperm from the same three boars. The effect of preincubation of epididymal sperm in seminal plasma on their resistance to cold shock also was examined. Epididymal sperm from three boars were diluted to 5 • l0 s sperm/ml with seminal plasma previously collected from the same boar, a vasectomized boar, or diluted with Ringer as a control, and incubated at room temperature for 30 min before washing and cold shock.
To test the ability of boar epididymai sperm to adsorb hyaluronidase, sperm were diluted with Ringer containing hyaluronidase extracted from boar sperm by cold shock. After incubation for 10 rain at room temperature, samples were centrifuged at 3,000 • g for 10 min followed by centrifugation at 10,OO0 • g for 15 min. Supernatants were analyzed for hyaluronidase. Epididymal sperm did not adsorb hyaluronidase, with the supernatant having 105 + 8% of that present in the extract after correction for dilution.
Sensitivity to Cold Shock of Sperm From
Intact and Vesiculectomized Boars. Hyaluronidase release during cold shock was examined in an ejaculate from each of three intact and four vesiculectomized boars. Because some variation among boars in hyaluronidase content of sperm had been observed, the percentage of hyaluronidase released, the percentage of aryl sulfatase released (another acrosomal enzyme; Allison and Hartree, 1970) and the percentage revivable progressive motility were compared in another series of experiments using two intact and two vesiculectomized boars. Total sperm hyaluronidase and aryl sulfatase were determined in aliquots of washed sperm after three freeze-thaw cycles (in a freezer at -17 C and at room temperature, respectively). Hyaluronidase and aryl sulfatase activity released by cold shock were analyzed as percentages of total sperm hyaluronidase and aryl sulfatase activities.
The effect of seminal plasma from vasectomized boars on the sensitivity of sperm from vesieulectomized boars to cold shock was also examined. Sperm from two ejaculates from each of two vesiculectomized boars were preincubated for 30 min at room temperature in seminal plasma from each of two vasectomized boars or Ringer before washing, resuspension and cold Shock. Hyaluronidase release was expressed as a percentage of the maximum released in the presence of Ringer.
Motility and Retention of Cytoplasmic Droplets after Preincubation of Epididymal
Sperm. Epididymal sperm from four boars were preincubated for 30 min in Ringer, seminal plasma from a vasectomized boar, or seminal plasma from another intact boar before washing and examination for presence of cytoplasmic droplets and motility.
The initiation of progressive motility in cauda epididymal sperm diluted with Ringer was examined in two additional trials with sperm from four boars in each trial. Sperm were flushed from the cauda with Ringer and further diluted with Ringer. In the first trial, one aliquot was diluted with egg yolk-citrate to approximately 10 7 sperm/ml for photomotility determination. The remainder was centrifuged for 15 min at 600 x g and resuspended in Ringer before an aliquot was diluted with egg yolk-citrate for photomotility. In the second trial, one aliquot was again diluted with egg yolk-citrate, another aliquot was centrifuged for 15 min at 600 • g and resuspended in Ringer, a third was centrifuged for 15 min at 600 x g and resuspended in the supernatant and a fourth remained at room temperature for 30 rain.
Analytical Procedures. Citrate was analyzed
according to the procedure of White and Davies (1963) . Hyaluronidase was assayed in triplicate as described by Doak and Zahler (1979) using colorimetric estimation of liberated N-acetylglucosamine end groups from hyaluronic acid.
Photomotility was determined by using dark field illumination and a 2-s exposure (Elliott et al., 1973) . Twenty-microliter aliquots of sperm were preincubated with 1 ml of egg yolk citrate extender for 15 min before evaluation. Aryl sulfatase was determined by the procedure of Roy (1955) using colorimetric estimation of nitrocatechol from p-nitrocatechol sulfate.
In the models for analyses of variance, ejaculate and(or) boar were considered random factors and all other factors were fixed. Newman-Keuls' sequential range tests were used for comparisons among means. Although percentage data were analyzed before and after transformation to the arc sin square root, the nontransformed data are presented because levels of significance were identical.
Results

Sensitivity to Cold Shock of Epididymal and
Ejaculated Sperm. As shown in table 1, acrosomal membranes of epididymal sperm were more resistant to damage from cold shock than those of ejaculated sperm as measured by hyaluronidase release. Epididymal sperm released hyaluronidase activity corresponding to .051 /~mol N-acetylglucosamine formed" 8-min assay -1.108 sperm -1 compared with .140 /~mol N-acetylglucosamine/10 S sperm released from ejaculated sperm from the same boars after 30 min of cold shock treatment (P<.01). Most of the hyaluronidase activity was released during the first 15 min of cold shock. Epididymal sperm had 98 -+ 4% of the total hyaluronidase activity found in ejaculated sperm from the same boar.
Preincubation of epididymal sperm in seminal plasma further protected the acrosomal membranes from damage during cold shock when compared with epididymal sperm preincubated with Ringer (P<.01; table 2). Seminal plasma from a vasectomized boar was no different from that from the sperm donor in this effect. bseminal plasma from intact boar used for preincubation was previously collected from donor of epididymal sperm. CDifferent (P<.01) from value in same row for control preincubations. avalues represent least-squares means for sperm from three intact and four vesiculectomized boars; SE = .02. Hyaluronidase activity in expressed as ~amol N-acetylglucosamine formed/10* sperm in 8 min.
Sensitivity to Cold Shock of Sperm from
during cold shock (52 and 51%, respectively, after 15 rain of cold shock; table 4).
In samples prepared for electron microscopy, crenulated acrosomes were observed in sperm from both intact and vesiculectomized boars after only 5 rain of cold shock.
Seminal plasma from vasectomized boars did not affect the sensitivity of acrosomal membranes of ejaculated sperm from vesiculectomized boars to cold shock. Ninety-five and 102% of the hyaluronidase released after 15 min of cold shock following preincubation in Ringer was released after cold shock following preincubation in seminal plasma from two vasectomized boars (table 5) .
Motility and Retention of Cytoplasmic Droplets after Preincubation of Epididymal
Sperm. As shown in table 6, the percentage of sperm that retained cytoplasmic droplets after resuspension in Ringer was much higher in sperm preincubated in seminal plasma than those preincubated in Ringer (63 vs 28%, P<.01). The percentage of sperm exhibiting progressive motility after preincubation in seminal plasma was low compared with sperm preincubated in Ringer (3 and 4% vs 83%, P<.01). The lack of progressive motility during the_preincubation period may have affected the retention of cytoplasmic droplets, but that hypothesis cannot be determined from these experiments.
As indicated in table 7, cauda epididymal sperm collected by retrograde flushing with Ringer were not progressively motile 5 min after flushing and two dilutions, first in Ringer, then in egg yolk citrate. Most sperm exhibited an oscillatory motion but not progressive motility. However, normal progressive motility (76%) was observed after centrifugation at 600 • g and resuspension in fresh Ringer.
In trial 2, it was observed that neither centrifugation or fresh medium was important in the initiation of progressive motility. Apparently time was the significant factor because progressive motility was similar after centrifugation and resuspension in Ringer, after centrifugation and resuspension in the supernatant or after incubuation at room temperatures for 45 min (76, 78 and 64%).
Discussion
Hyaluronidase release has been used to monitor alterations to the bovine acrosomal membrane (Triana et al., 1980) . In one species, (Talbot and Franklin, 1974a; Zao et al., 1984) . However, hyaluronidase release follows the acrosome reaction during in vitro capacitation in guinea pig sperm (Talbot and Franklin, 1974b) and the ionophore A23187 and serum induced vesiculation of the plasma and acrosomal membranes of the boar (Berger, 1980) . The lower hyaluronidase activity released from epididymal sperm during cold shock compared with ejaculated sperm from the same boar indicated that acrosomal membranes of the epididymal sperm are more resistant to cold shock. The increased protection of epididymal sperm acrosomes from cold shock by seminal plasma from vasectomized boars or from the same boar was unexpected because no effect on loss of motility had previously been observed (Lasley and Bogart, 1944b) . However, Pursel et al. (1972) found that sperm in the sperm-rich portion of the boar ejaculate were less susceptible to visible acrosomal damage than were sperm from the whole ejaculate, suggesting that components of accessory sex gland secretions did increase sensitivity of porcine sperm to cold shock. The similar sensitivity to cold shock of ejaculated sperm from intact and vesiculectomized boars indicates seminal vesicle secretions are not important in sensitizing the acrosomal membranes to cold shock. This observation is in contrast to the results with the cytoplasmic enzymes, lactate dehydrogenase and glutamate oxaloacetic transaminase (Moore et al., 1976) , but consistent with the similar fertility observed after freezing of sperm from intact and vesiculectomized boars (Moore and Hibbitt, 1977) . The oscillatory motion of the cauda epididymal sperm observed soon after dilution was similar to that occasionally observed by Jones (1978) in epididymal boar sperm before dilution. However, active motility was reported to occur always after dilution with Ringer. Cascieri et al. (1976) have also reported an increase in progressive motility of epididymal bull sperm after dilution, but most of the increase occurred within 2 min. Motility was initially assessed in the present trials 5 min after initial dilution in Ringer and 1 min after subsequent dilution in egg yolk-citrate. Hence, the lack of progressive motility originally observed indicates the initiation process was slower than in the previous studies. The slow initiation of progressive motility seen in the current studies might result from the use of sodium thiamylal anesthesia during castration of the boars, but a similar oscillatory motion was observed in epididymal sperm from boars killed by electrocution. The low progressive motility after preincubation with seminal plasma compared with preincubation with Ringer might be due to insufficient energy to maintain motility or an inability to develop progressive motility.
In contrast to the retention of cytoplasmic droplets following resuspension in Ringer after preincubation in seminal plasma, most epididymal bull sperm shed their cytoplasmic droplet upon dilution with accessory sex gland secretions as well as with buffer, but not with dilution with epididymal plasma (Cascieri et al., 1976) .
This study confirmed the increased resistance of porcine epididymal sperm acrosomal membranes to cold shock compared with ejaculated sperm as measured by release of acrosomal enzyme, hyaluronidase. However, seminal vesicle secretions did not affect the sensitivity of the acrosomal membranes to cold shock because ejaculated sperm from intact and vesiculectomized boars exhibited similar sensitivity to cold shock.
The initiation of progressive motility in epididymal boar sperm was slower than reported for epididymal bull sperm and did not occur upon dilution with seminal plasma.
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